Extracts of plants presents a large chemical diversity and usually require extensive time for the isolation and characterization of the compounds. Analysis of complex samples by electrospray ionization source coupled to a mass spectrometry (ESI-MS) and tandem mass spectrometry (ESI-MS/MS) has proven to be useful tools for initial screening of these samples. Therefore, it allows identification of known molecules without isolation or use of other auxiliary analytical techniques. In this work, dried extracts of three Byrsonima species were dissolved in methanol, analyzed through direct injection by ESI-MS and each reason mass-to-charge (m/z) of interest was selected to ESI-MS/MS analysis. ESI-MS fingerprint showed a distinction among the chemical constituents in each of the three Byrsonima species and ESI-MS/MS data was used as a tool to help identify the main components of B. coccolobifolia, B. verbascifolia and B. intermedia extracts. More specifically, phenolic acids, proanthocyanidins and flavonoids were detected in the three Byrsonima species studied.
Introduction
Central region of Brazil is one of the most prominant biogeographic regions in the world, but it is also the most vulnerable. 1 Many of the 160 families of species found are used as medicine by people. 2 An ethnopharmacological survey carried out in the savanna regions showed a large number of plants that are used to treat gastric disorders. 3 In the North and Northeastern regions of Brazil, different species of the Byrsonima (Malpighiaceae) are used not only in traditional medicine, but also as food in the form of juice, jellies, or liquors. 4 The Byrsonima genus, consisting of approximately 150 species, is widely distributed throughout tropical America. 5 Byrsonima species present different ethnomedicinal properties. The methanol extract from B. intermedia leaves presented gastroprotective, antimicrobial and antidiarrheal activities, supporting the traditional use to treat gastrointestinal disorders. 6 High antimutagenic effect in the hydroalcoholic leaf extracts from B. intermedia and B. verbascifolia was related, indicating these plant extracts as potential sources of chemopreventive agents. However, the hydroalcoholic extract from B. coccolobifolia leaves showed mutagenic activity, suggesting caution in their use as medicinal plant. 7 Despite the medicinal use of Byrsonima species, there are few reports regarding their chemical constituents. 8 Among the active principles found in medicinal plants, flavonoids, terpenes, and caffeic acid derivatives have attracted the most notable attention. 9 Compounds of these classes have been analyzed by gas chromatography coupled to mass spectrometry, highperformance liquid chromatography, or capillary electrophoresis. 9 Recently, electrospray ionization (ESI) has revolutionized the way that molecules are ionized and transferred to mass spectrometers for mass and structural analysis. 10 Thus, a large applicability of mass spectrometry occurred because of its ability to analyze both small and large molecules of various polarities in a complex biological sample mixture.
11 ESI-MS and ESI-MS/MS have gained widespread recognition, mainly due to its successful use in the dereplication analysis of bio-molecules. 12 ESI-MS has been used as a fast and efficient fingerprinting method involving direct insertion of complex mixtures, such as those found in wines, 13 petroleum, 14 beers, 15 propolis, 16 and extracts containing natural compounds. 17 In this study, direct injection of dried extracts of three Byrsonima species dissolved in methanol through ESI-MS was applied to quickly generate the fingerprint of the extracts from leaves of B. coccolobifolia, B. verbascifolia and B. intermedia and ESI-MS/MS data were used as a tool to identify the main components of these extracts allowing an initial screening of them.
Results and discussion

ESI-MS and ESI-MS/MS analysis
Methanol extracts from Byrsonima species containing complex mixtures of polar compounds were investigated. Using classical phytochemical methods to isolate metabolites from plant extracts is generally time-consuming and sometimes lead to identification of known substances. This study analyzed the compounds present in the extracts from three Byrsonima species using ESI-MS methods, which showed to be useful to identify a large number of polar compounds.
Although experiments using both negative and positive ionization were performed, the negative ion mode of ESI provided the best results and with high sensitivity to the fingerprinting of all Byrsonima extracts analyzed. Positive ionization yielded more complex spectra with lower sensitivity and, moreover, the signal of the [M+H] + ions was too low for MS/MS fragmentation analysis. Moreover, an exhaustive search in the literature about data on fragmentation in the positive ion mode was made and data for comparison were not found. Thus, all the identification of compounds was performed using electrospray ionization in negative ion mode (ESI(-)-MS).
Results of the ESI-MS and ESI-MS/MS
suggest that the main constituents of the methanol extracts from B. coccolobifolia, B. verbascifolia and B. intermedia include phenolic acids, proanthocyanidins and flavonoids ( Figure 1 and Table 1 ). Compounds of these classes are easily deprotonated and efficiently transferred to the gas phase as [M-H] -ions.
In the ESI(-)-MS of the B. coccolobifolia extract (Figure 1-A 
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In the spectra of B. coccolobifolia and B. verbascifolia (Figures 1-A and 1-B) , the most intense ion was identified at m/z 793. This anion had not been described in prior literature for any Byrsonima species, and its ESI-MS/MS analysis reveals only a product ion at m/z 537, suggesting that it could be a derivative of the biflavonoid amentoflavone. 
5,20 Previous chemical investigation on
Byrsonima species have resulted in the isolation of steroids, triterpenes, flavonoids, proanthocyanidins, galloylquinic acids and sulphonoglycolipids. 4, 19, [21] [22] [23] Other studies reported the identification of gallic acid, pyrogallol, pyrocatechin and -amyrin isolated from the roots of B. intermedia. 25 Although chemical similarity has been observed among species of a genus, studies have shown that each plant contains characteristic substances. 26 For example, anions identified at m/z 537 and 585 were previously detected in the ESI(-)-MS of leaf extracts of B. crassa and B. fagifolia. 19, 20 Conversely, these ions have been identified in the B. verbascifolia and B. intermedia species. The compounds methyl (epi)catechin gallate and quercetin-O-disaccharide, detected in their deprotonated forms at m/z 455 and 609, respectively, have not been previously reported for both species. 23 In a similar way, the compound detected as an anion of m/z 793 was also first detected in the leaves of B. coccolobifolia, B. verbascifolia and B. intermedia. After drying at room temperature, leaves of the three Byrsonima species were powdered and successively extracted with hexane, ethyl acetate and methanol by maceration, followed by filtration. The extracts were prepared at room temperature and concentrated under vacuum using a rotary evaporator to afford crude extracts from leaves. To this study, dried methanol extracts from Byrsonima species were submitted to the ESI-MS analysis.
Electrospray ionization mass spectrometry (ESI-MS) and tandem mass spectrometry (ESI-MS/MS)
MS analysis were performed on an LCQFleet instrument (ThermoScientific, San Jose, CA, USA) equipped with an ESI source. Mass spectra were acquired and processed using the software provided by the manufacturer (Xcalibur). Typical MS conditions were as follows: capillary voltage 11 V, spray voltage 4 to 6.5 kV, tube lens offset at 110 V, capillary temperature at 275 o C, sheath gas (N 2 ) flow rate set to 9 (arbitrary units).
Dried extracts from Byrsonima species (approximately 1 mg) were dissolved in 1 mL of methanol, and the analysis were performed by means of direct infusion into the ESI source using a syringe pump at a flow rate of 15 L min -1 . The full-scan range mass spectrum was acquired in m/z 50-1000. For ESI-MS/MS analysis, the precursor ions were first isolated inside the ion trap and fragmented via collision-induced dissociation (CID) with gas helium. The relative collision energy was adjusted to yield product ions in quantifiable abundance.
